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- PROVISIONAL SPECIFICATION 
Decomposition of Organic Peroxides 



TTe, The Distillers Company Limited, 
a British Company, of 12, Torpiciien 
Street, Edinburgh* 3, Scotland, Basil 
Vivian Aller, Reginald Harold Hall 
6 and Richard Nohman Lacey, all British 
Subjects, and all of the Company's 
Research and Development Deportment, 
Great Burgh, Epsom, Surrey, do hereby 
declare the nature of this invention to be 

1 0 as follows : — 

This invention is for -an improvement 
in and a process for the manufacture of 
phenol and acetone by the decomposition 
of isopropyl benzene hydroperoxide or 

15 peroxide. 

It has been shown by Hock and Lang - 
(Ber. 1944, 77 B, p. 2b7) that when iso- 
propylbenzene is subjected to the action 
of molecular oxygen with concurrent expo- 

20 sure to short wave irradiation isopropyl 
benzene peroxide is formed and that the 
free peroxide obtained by the treatment of 
the resulting reaction mixture with 
aq\ieous alkali solution and subsequent. 

25 acidification of the purified alkali metal 
salt; is decomposed by refluxing for li ' 
hours with 10% aqueous sulphuric acid 
whereby phenol and acetone are produced. 
The yield of phenol obtained in this man- 

80 ner was 75% of the theoretical, while the 
amount of acetone, the vapours of which 
passed through the reflux condenser, was 
not determined quantitatively. Tests 
carried out on similar lines to those pub- 

85 lished, yielded about 60% acetone. The 
said publication also mentions the forma- 
tion as by-product of the reaction of appre- 
ciable amounts of a substance" which the 
authors assume to be di-methyl phenyl 

40 carbinol. 

Attempts to improve the yields by 
working with sulphuric acid of lower 
strength than that used by Hock and Lang 
so as to avoid secondary reactions were 

45 unsuccessful ; the yields were the same or 
even le"ss. 

It has now been discovered that the 
yield of phenol can be considerably 
improved by effecting the decomposition 

[Price 2/-] 



of said peroxides by means of sulphuric 50 
acid of substantially greater strength than 
that used by Hock and Lang, i.e. in 
excess of 10%. When, however, the con- 
centration of the acid used is more than 
70%, considerable discolouration of the 55 
reaction mixture occurs, indicating the 
occurrence of condensations. 

According to this invention, therefore, 
the decomposition of isopropyl benzene 
peroxide is effected and phenol and acetone t30 
are produced, by ^ reacting said peroxide 
with sulphuric acid of a strength subs tan- . 
tially more than 10% but not exceeding 
70% preferably in concentrations of 
between 25 and 60%. 66 

Throughout this specification the 
expressions peroxide or isopropyl ben- 
zene peroxide are used to include the iso- 
propyl benzene hydroperoxide. 

It has been discovered, furthermore, 70 
that the treatment of the peroxide with 
acid is with advantage carried out at lower 
temperatures than those hitherto used and 
that reaction temperatures between 40° 
and 80° C. give excellent results. By the 75 
use of acids of concentrations exceeding 
10% and preferably between 25 and 60% 
according to the invention the decomposi- 
tion proceeds faster even at the lower tem- 
peratures, than with more dilute acids at 80 
refluxing temperatures/ The enhanced rate 
of decomposition of the peroxide makes it 
possible to reduce the size of the reaction 
vessel which offers the advantage of reduc- 
ing at the same time the potential danger 8.* 
inherent in heating large amounts of the 
peroxide. On the other hand, secondary 
reactions and, consequently, losses in the 
conversion into phenol and acetone are 
minimised. 90 

As the rate of the decomposition of the 
percompound depends on its concentration 
at any time the carrying out of the process 
in batches requires . a long time and is 
therefore liable to side reactions. A pre- 95 
f erred method, therefore, comprises effect- 
ing the process in a continuous manner 
whereby, also, the accumulation of large 
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amounts of percompounds in the reactor 
is avoided. This decomposition in a con- 
tinuous manner may be carried out, for 
instance, by feeding the peroxide into 
o dilute sulphuric acid of the specified con- 
centration, e.g. of 25—60% at a tempera- 
ture between 40° and 80° C. continuously 
or intermittently at about the same rate 
as it is decomposed, so that its concentra- 
10 tion in the reaction mixture in the reacior 
does not exceed a low figure, say 2%, pre- 
ferably even less, of the total weight. In 
order to facilitate the dosage and hand- 
l™g of the percompound it is preferable to 
lo add it in a diluted form for instance dis- 
solved in an organic solvent inert towards 
the percompound and the sulphuric acid. 
•A suitable solvent is e.g. isopropyl ben-' 
zene, and therefore the reaction mixture 
20 resulting from the reaction of molecular 
oxygen upon liquid isopropyl benzene 
containing preferably from 10 to 40% iso- 
propyl benzene peroxide may be used with 
'advantage. As reactor may be used a 
*o vessel provided with an efficient agitator 
and a decanter which allows the con- 
tinuous withdrawal of an oily layer con- 
taining, with small amounts of undecom- 
posed percompound, the greater part of 
60 the phenol and acetone produced by the 
reaction whilst the volume of liquid in the 
agitator vessel comprising practically the 
whole of the aqueous acid remains con- 
stant. After reaching the steady state the 
oo whole of the phenol and acetone formed is 
thus withdrawn. 

In place of one single agitator vessel a 
number of such vessels may be arranged 
in series. This makes it possible to use 
*U comparatively hig;h concentrations of per- 
oxidein the liquid mixture and thereby 
ensuring the highest reaction rates. By 
working in this way it is also possible to 
reduce the size of each individual vessel 
45 to a very large extent. ^ The rate of 
reaction when working in a continuous 
manner was found to be several times 
greater than that attained in the case of 
the batch process. The explanation for 
50 this is not clear but it may be due to the 
fact that in the continuous process there 
is all the time a maximum amount of 
acetone present, part of which is dissolved 
in the aqueous sulphuric acid phase in 
00 which the actual decomposition of the per- 
compound occurs. The presence of the 
acetone in the acid, on the other hand, 
increases the solubility therein of the per- 
oxide whereby the reaction is facilitated 
60 and speeded up. This effect may be 
enhanced still further by recycling part 
of the recovered acetone to the reactor, 
thereby increasing the acetone content in 
the acid and, consequently, the solubility 
65 of the peroxide therein. ' The concentra- 



tion of the acetone in the reaction mix- 
ture, however, should be kept sufficiently 
low to prevent complete miscibility of the 
two phases in the reactor and the .forma- 
tion of an homogeneous mixture, whereby 70 
the withdrawal from the reactor of an 
oily layer and the retention in the reactor 
of the aqueous acid phase would be 
obviated. 

Another method of carrying out the 75 
process of the invention in a continuous 
manner comprises passing the aqueous sul- 

• phuric acid in conjunction with the per- 

• oxide preferably dissolved in a suitable 

• solvent through a narrow tube at a 80 
velocity which is sufficients high to 
cause turbulent flow and thereby achieve 

a good mixture. A mutual solvent such 
as acetone may be added to the reaction 
mixture. A limitation regarding the 85 
quantity of the added solvent is not neces- 
sary in this case, as part of the whole 
reaction mixture including the aqueous 
acid is withdrawn from the reactor 
tube. 9Q 

• ,-^kough it is known that acetone and 
phenol may condense under the influence 
of sulphuric acid, it is surprising that 
u ?der the conditions in which the process 

, of this invention is carried out no such 95 
condensation occurs. It is therefore an 
additional feature of the invention not to 
remove the acetone as soon as it is formed 
from the reaction mixture. Accordingly, 
it may be recovered for instance bv dis- 100 
tillation from the oil phase after the latter 
has been separated from the aqueous 
phase. The aqueous acid may then be 
returned to the reactor. 

TTheii solutions of peroxide in water- 105 
immiscible solvents such as are obtained, 
for instance, by treating isopropyl ben- 
zene with molecular oxygen, are treated 
according to this invention, it was found 
that the rate of decomposition increased 110 
with the volume ratio of the aqueous, 
phase to the oil phase. It is, therefore, 
preferred to use in the reactor a phase 
ratio greater than one. This improvement 
allows the speeding up of the rate of flow 115 
through the reactor without impairing the 
rate of decomposition and offers therebv 
the advantage for the same output of 
further reducing the size of the reactor. 
m As the decomposition of the peroxide 120 
is strongly exothermic, cooling equipment 
should be provided for in order to keep 
the temperature in the reactor under 
proper control. 

The oil layer leaving the reactor usually 125 
contains some sulphuric acid. This may 
be removed by washing with smnil 
amounts of water or aqueous acetone. 
The addition of small amounts of water 
to the oil before it is subjected to the dis- 130 
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tillation has also proved satisfactory. • 
The following examples illustrate the 
manner in which the process of the inven- 
tion may be carried out: — . 

6 Example 1. 

50 gins, of the sodium salt of isopropyl 
benzene hydroperoxide containing water 
of crystallisation and corresponding to 
23.S gms. isopropyl benzene peroxide 

10 were added whilst stirring over a period 
of 10 minutes to 100 cc. of G0% w/v sul- 
phuric acid at GQ° C. "When addition was 
complete the agitation was continued tor 
a further 10 minutes. After shaking the 

15 reaction liquid with some isopropyl ben- 
zene to take up the bulk of the phenol it 
was found that the oil phase contained 
13.0 gms. .phenol and -i.23 gms. acetone 
and the aqueous phase 1.12 gms. phenol 

20 and 2.23 gms. acetone. The yield- oi 
phenol was thus quantitative, that of 
acetone 71%. When refluxing the sodium 
salt with the same volume of 10% sul- 
phuric acid and distilling off the acetone 

25 the yeld of phenol was 72% and of acetone 
. 58%, the time required for completion of 
the reaction being 21 hours. 

Example 2. 
A mixture of 160 cc. of a 55% w/v 

SO aqueous sulphuric acid and 160 cc. of a 
solution of 1G.7% w/v isopropyl benzene 
peroxide in isopropyl benzene (resulting 
from the oxidation of isopropyl benzene) is 
thoroughly stirred and the temperature 

35 maintained at 60° C. After 20 minutes 
94.3 and after 30 minutes 98.2% of the 
peroxide initially present had been decom- 
posed. During the reaction and for some 
time- afterwards a stream of nitrogen was 

40 passed through the liquid in order to 
remove the acetone formed. Phenol was 
obtained in a yield of 91.3%, acetone of 
86.5%. 

Example 3. 

45 To 100 cc. 55% *w/v sulphuric acid 
which were refluxed 100 cc. 35.6% w/v 
isopropyl benzene peroxide solution in iso- 
propyl benzene were added over a period 
of 10 minutes acetone being removed as 

50 formed through a short column. The 
mixture was boiled for a further 5 
minutes. 18.22 gms. of phenol and 



8.9 gms. of acetone wore obtained, i,e. 
yields of 83% and 05.5% respective!;?. 

Example 4. .55 
In a vessel provided with a stirrer a mix- 
ture of 150 cc. of 55% w/v sulphuric acid 
and 138 cc. of an oxidation solution, con- 
sisting of 44.5 gms. isopropyl benzene 
peroxide in 100 cc. of isopropyl beuzeue 60 
were kept at 60° C. for 15 minutes, where- 
upon continuous feeding of the same iso- 
propyl benzene solution was started while 
at the same time through a decanter a 
corresponding volume of oil layer over- 65 
flowed. After the conditions became 
steady, 787 cc. of oil, containing 193 gms. 
phenol and 115 gms. acetone were col- 
lected over a period of 5 hours, while over 
the same period 770 cc. of the peroxide 70 
solution were fed into the vessel. The 
yield of phenol was thus 91.4%, of acetone 
SS%, based on the total peroxide fed, 
whilst 3.6% of the initially fed peroxide 
were undecomposed. Of the oil which 75 
contained 14.55% w/v acetone and 24.5% 
w/v phenol, the acetone was recovered by * 
distillation after the adhering sulphuric j 
acid was diluted by addition of some ! 
water. °9 
Example 5. 
To 100 cc. of a mixture of equal 
volumes of ethanol and water and contain- 
ing 14.1 gms. sulphuric acid 10.1 gms. of 
isopropyl benzene peroxide were added 85 
and the homogeneous mixture hept at 
70° C. After 50 minutes. 94% of the 
initial percompound had reacted. At that 
time 5.75 gms. of phenol were obtained 
from the solution which corresponds to 90 
92% of the initially added peroxide. 

The process of the invention is appli- 
cable also to the production of phenol 
derivatives by the decomposition of per- 
oxide compounds of a similar nature, that 95 
is of peroxides of benzene derivatives in 
which the substituent9 are one or more 
alkyl groups and at least one of which has 
a tertiary carbon atom in the alpha posi- 
tion to the benzene ring, and the produc- 100 
tion thereby of phenol derivatives and 
ketones 

Dated this 18th day of August, 1947. 
N. P. BAKER. . 
Agent for the Applicants. 



COMPLETE SPECIFICATION 
Decomposition of Organic Peroxides 



We The Distillehs Company Limited, 
a British Company, of 12. Torpichen 
105 Street, Edinburgh, 3, Scotland, Basil 
Vivian Alleb,, a British Subject, 
Reginald Hahold Hall, a British Sub- 
ject, and Richakp Norman Lacey, a 
British Subject, all of the Company's 



Research and Development Department, 110 
Great Burgh, Epsom, Surrey, do hereby 
declare the nature of this invention 
and in what manner the same i3 to be 
performed, to be particularly described 
and ascertained in and by the following 115 
statement : — 
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This invention is for an improvement in 
and a process for the clecompositioT of tie 
hydroperoxides of lower a kyl benzenes 
wherein the peroxide group j a linked to 

a« a oi Pi f 10 *t, te l tlary carb °* "torn 
attached to the benzene rino and the 

ketones 1 '^ ° f 

m m 1 * h i a o S ^ ee ^ s -S 0W11 by Hock and Lang 

10 Sf • il 944 ' ' 7 ?' P l . 257 > tbat ^n iso- 
propylbenzene is subjected to the action 

™ ul " O-Wn with concurrent 
exposure to short wave irradiation iso- 

1* ^M b t U ^ n % M r0 ? eroside is f wmed 
' w a ** * e free M r °P eroxide obtained 
by the treatment of the resulting reaction 
mixture with aqueous alkali solution and 
subsequent acidification of the purified 
- '0 irZ *. m ?H Salt ' 13 . d , ec omposed by reflux- 

XJ, 1 " "/T 8 V th l 0% a 1* eo «s sul- 
phuric acid whereby phenol and acetone 

ohLH^tf- Tte y ield of Phenol 
obtained m this manner was 75% of the 

2<! rt«°^ Ca1, TV 'J ll \t¥ a ^ ount of acetone, 
45 the vapours of which passed through the 

m^ + ( V 0 - lld i enSer 'm Was not determined 
quantitatively. Tests carried out on 

T f^ nes t0 ihose Polished, yielded 

30 of™* 6 °?° aCet 1 on ?- Tbe said Plication 
a ]so mentions the formation as by product 
ot the reaction of appreciable amounts of 
a substance which the authors assume to 
be dimethyl phenyl carbinol. 

o r • At t?mptsto improve the yields by work- 

36 ing with sulphuric acid of lower strength 
than that used by Hock and Lang so as to 
avoid secondary reactions were unsuccess- 
iul ; the yields were the same or even less 

An • i , „ S now been discovered that the 

40 yield of phenol and ketones can be con- 
siderably improved by effecting the 

• decomposition of hydroperoxides of alkvl 
benzenes with a tertiary carbon atom 
united to the benzene ring by means of 

45 aqueous sulphuric acid of substantially 
greater strength than that used by Hoek 
and Lang, i.e. in excess of 10%. TThen 
however, the concentration of the acid 
used is more than 70% the verv consider- 

60 able discolouration of the reaction mix- 
ture indicates an undesirable extent of 
condensation of the various decomposition 
products. 

cc i benzene hydroperoxides of the 

55 defined land are for instance the hydro- 
peroxides of lsopropyl-benzene. secondarv 
butyl benzene and p-cvinene. but it is to 
. be understood that the process of this 

60 cmnpounds." UOt ^™ to tbese 
Throughout this specification the 
expression " peroxide »' and " percom- 
pound " 1S nsed to include tbe hydro- 
peroxide. • 1 

65 Tlie percentages given in this specifica- 



tion and w the apj.ended .-lairas are in 
parts by weight per hundred parts bv 
^olume, and the temperatures are "-iven in 
t-entigrade. In this connection, the parts * p 
by weight bear the same relation to parts 70 
by volume as do grams to cubic 
centimeters. 

According to this invention, therefore 
the decomposition of hydroperoxides of 
alkyl benzenes, in which the peroxide 75 
group is linked to an aliphatic tertfarv 
carbon atom attached to the benzene rinj 

?h»V J ° yl ?. r ° U1)s do not contain more 
than five carbon atoms is effected, and 
Phenol and ketones are produced by react- 80 
ing said peroxides with aqueous sulphuric <>■ 
acid of a strength substantially more than 
10% but not exceeding 70 % preferably 
in concentrations of between 25 and 00% 
and at e evated temperatures. " 85 

It has been discovered furthermore that 
the treatment of the peroxide with acid is 
vith advantage carried out at lower tem- 
peratures than those hitherto used end 
fp^,w a w 11 t ? m P e ,«»™res up to 80°, pre- 90 
ferably between 40 and &Q° C, give 
excellent results. ' h 

By the use of aqueous sulphuric acid of 
concentrations exceeding 10% and merer* 
ably between 25 and G()% accoi^iW to 57* 

S^ nvenh0n -, tIle decomposition proceeds 
faster eyen when effected nt the lower 
temperatures than with more dilute acids 
rate of™/ tem P era *™ s - The enhanced 
make, I dec o ln l>osition of the peroxides ICO 
makes it possible to reduce the size of the 
reaction vessel which offers the X?£e 
of reducing, at the same time, the , £ 
lnil erent in heating We 
™? S ° f P ero f. lde8 - On the other halt 105 

losses i7 t1l reacnons - and - consequently 
iossej, in the conversion into phenol and 
acetone are min mised. As the rate of 

dependfon 1 ^ 1 - 10 " ° f tlle P^des 
H™! I? on their concentration at any 110 

6 CanT111 ? mt ot ,be Process in 
W r tf qmie K a lon S '»»e and is. there- 
iore liable to side reactions. A preferred 
method,, therefore, comprises effecHn' f J 
process ,n a contmuous manner, whereby U 
also, the accumulation of huge a mm uU 
of perepmpounds in the reactors avoided 
This decomposition in the contiimo « 
manner may he carried Zt for 
instance, by feedin? the i ero-id" - ion 
"^.dilute aqneou, sulphuri, neid °f ' £ 120 
--.pecified concentre Hon. e.g. of 25 to fi0°' 
a L* a tem P eraT ure between -40' „nd SO* 
continuously or intermittently nt ah , t 

hntTheir 1 '^ 0 M * H ttn *«™!""« so 125 
mat their concentration in the reaction 
mixture u, the reactor or the r" ctoV d " 
not exceed a low figure, say 2°l pref • 

in oider to tacihfate the dosage and 130 
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handling of the pereoinpounds, it is pre- 
ferable to add them in a dissolved form, 
for instance dissolved in an organic sol- 
vent inert towards the percompound and 
5 ihe sulphuric acid. A suitable solvent in 
,- the case of isopropylbenzene hydroper- 
oxide is, for instance, isopropylbenzene, 
and, therefore, the reaction mixture 
resulting from the reaction of molecular . 

10 oxygen upon liquid isopropylbenzene at 
temperatures up to 150° and in the 
absence of catalysts other than peroxides 
and containing preferably from 10 to 45% 
of isopropylbenzene hyclroperoxide may 

15 be used with advantage. As reactor may 
be used a vessel provided with an efficient 
agitator and attached thereto a device such 
as a decanter which allows the continuous 
separation and withdrawal of the lighter 

E0 oily layer containing, with small amounts 
of other decomposition compounds, the 
greater part of the phenol and acetone 

E reduced by the reaction, whilst the 
eavier aqueous acid separated in the 
25 decanter is returned to the agitator vessel 
wherein the bulk is retained so that its 
volume remains practically constant. 
After reaching the 'steady state practically 
the whole of the phenol and acetone 
80 formed is thus withdrawn 

In place of one single agitator vessel, a 
number of such vessels may be arranged 
in series or cascades so that the separated 
oily phase flows or is ipuinped to the next 
85 subsequent vessel. This makes it possible 
to use comparatively high concentrations 
of peroxide in the liquid mixture in the 
first of the reaction vessels of a series 
thereby ensuring the highest reaction 
4Q rates. By working in this way it is also 
possible to greatly reduce the size of each 
individual vessel. The rate of reaction 
when working in a continuous manner was 
found to be several times greater than 
45 that attained in the. case of the batch 
process. The explanation for this is not 
clear but it may be due to the fact that 
in the continuous process there is all the 
time a maximum amount of ketone 
50 present, in the case of isopropylbenzene 
hydroperoxide for instance acetone, part 
of which is dissolved in the aqueous sul- 
phuric acid phase in which the actual 
decomposition of the percompounds 
55 occurs. The presence of this ketone in 
the acid, on the other hand, increases the 
solubility therein of the peroxides, 
whereby the reaction is facilitated and 
speeded up. This effect may be enhanced 
60 still further by recycling a part of the 
recovered ketone to the reactor or adding 
fresh ketone thereto, thereby increasing 
the ketone contained in the acid and con- 
sequently the solubility of the peroxide. 
65 The concentration of the ketone in the 



reaction mixture, however, should be kept 
sufticiently low to prevent complete 
miscibility of "the two phases in the 
reactor and the formation of a homo- 
geneous mixture, whereby the withdrawal 70 
from the reactor or the reactors of an oily 
layer and the retention in the reactor or 
reactors of the aqueous acid phase would 
be obviated. 

Auother method of carrying out the 75 
process of the invention in a continuous 
manner comprises passing the aqueous 
sulphuric acid in conjunction with the 
peroxide, preferably dissolved in a suit- 
able solvent which is immiscible with the 80 
aqueous acid and not attacked by the com- 
ponents of the reaction mixture, such as 
benzene, toluene and xylene, preferably 
the alkyl benzenes which were the starting 
material for the peroxide production, 85 
through a narrow tube at a velocity which 
is sufhciently high to cause turbulent flow 
and thereby achieve a good mixture. A 
mutual solvent which is inert to the 
reaction mixture- under the conditions of 90 
the reaction, may be added to the reaction 
mixture. Such solvents are for instance 
ketones like acetone and alcohols like 
ethaiiol. A limitation regarding the 
quantity of the added mutual solvent is 95 
not necessary in this case, as part of the 
whole reaction mixture, including the 
aqueous acid is withdrawn from the 
reactor tube. The use of a reactor tube, 
however, offers special advantages only, 100 
when the reaction mixture is hetero- 
geneous. 

The working in a homogeneous .phase 
by the addition of a mutual solvent is 
advantageous also when the process of the 105 
invention is carried out in a batchwise 
manner. Suitable solvents are such 
alcohols, ketones and ethers of low mole- 
cular weight which are completely 
miscible with water. Alcohols of this HO 
nature are for instance methanol, -pro- 
panel, isopropanol, tertiary butanol; 
ketones are acetone, methyl ethyl ketone ; 
and ethers for instance ethers of ethylene 
glycol and di-ethylene glycol ; further- 115 
more dioxane. 

Although it is known that ketones, for 
instance acetone, and phenol, may con- 
dense under the influence of sulphuric 
acid at elevated temperatures, it is sur- 120 
prising that under the conditions in which 
the process of this invention is carried out 

? radically no such condensation occurs, 
t is, therefore, an additional feature of 
the invention not to remove the ketone as 125 
soon as it is formed from the reaction 
mixture. Accordingly, it ' mav be 
recovered, for instance, by distillation, 
from the oil phase after the latter has 
been separated from the aqueous phase. 130 
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Tlie aqueous acid may then be returned 
to the reactor. 

When solutions of hydroperoxides in 
water-ininiiscible solvent such as are 
5 obtained for" instance by treating iso- 
propylbenzene with molecular oxygen at 
elevated temperatures in the substantial 
absence of oxidation catalysts other than 
peroxides were treated according to this 
10 invention, it was found that the rate of 
decomposition increased with the volume 
ratio of the aqueous acid phase to the oil 
phase. It is, therefore, preferred to use 
• in the reactor or reactors an initial phase 
lfi ratio greater than one. The upper limit 
for the volume of aqueous acid used is 
governed by economical considerations, 
lhis improvement allows the speeding up 
»n °^} he rat ? °. f flow through the reactor 
20 without reducing the extent of decomposi- 
tion and offers thereby the advantage for 
the same output of further reducing the 
size of the reactor. 
_„ . As tIle decomposition of the peroxide 
25 is strongly exothermic, cooling equipment 
should be provided in order to Jceep the 
temperature in the reactor or reactors 
under proper control. 
The non-aqueous oil layer leaving the 
30 reactor usually contains some sulphuric 
acid. This may be removed by washing 
with small amounts of water or aqueous 
ketones whereupon the oil layer is worked 
up for the reaction products. The ketones 
35 and phenol may be recovered therefrom, 
for instance by. subjecting the oil phase 
to distillation,* whereby the ketones are 
distilled off. The residue from the dis- 
tillation is distilled in vacuo, which 
40 removes the solvent, for instance, iso- 
propylbenzene, and any methyl styrene 
formed as a by product during the 
reaction. The residue from this last dis- 
^ tillation is fractionated in a third still 
4o under vacuum and the distillate is 
condensed at about 50' C. On cool- 
ing the phenol crystallises in a state 
of high purity and with a good melt- 
mg point. 

50* The following examples illustrate the 
manner in which the process of the inven- 
tion may be carried out. 

Example 1. 
50 grams of the sodium salt of iso- 
56 propyibenzene hydroperoxide containing 
water of crystallisation and corresponding 
to 23.S grams of isopropyl benzene hydro- 
peroxide were added whilst stirring" over 
■ a period of 10 minutes to 100 cc. of 60% 
oU aqueous sulphuric acid at 00°. When 
addition was complete the agitation was 
continued for a further 10 minutes. 

After shaking the reaction liquid with 
some isopropyl benzene to take up the 



bulk of the phenol it was found that tlie n 
oil phase contained 13.6 grams of phenol 
and 4.23 grams of acetone and the aqueous 
phase 1.12 grams of phenol and 2.23 
grams of acetone. The yield of phenol 
was thus quantitative, that of acetone 7 
71 , 0 . When refiuxing the sodium salt 
with the same volume of 10% aqueous • 
sulphuric acid and distilling off the 
acetone the yield of phenol was 72% and 1 
of acetone 58%, the time required for i 
completion of the reaction being 2£ hours. | 

Example 2. 
A mixture of 160 cc. of a 55% aqueous 
sulphuric acid and 160 cc. of a solution • 
of 10.7% isopropyl benzene peroxide in Q[ 
isopropyl benzene (resulting from the 
oxidation of isopropyl benzene J was 
thoroughly stirred and the temperature 
maintained at 60°. ■ After 20 minutes 
94.3% and after 30 minutes 98.2% of the 
peroxide initially present had been decom- 
posed. During the reaction and for some 
time afterwards a stream of nitrogen was 
passed through the liquid in order to 
remove the acetone formed. Phenol was u( 
obtained in a yield of 91.3%, acetone of 
b6.5%. 

A similar tuu showing the deleterious 
influence of higher temperatures gave the 
following result: — 

To 100 cc. 55% aqueous sulphuric acid 
which were refluxed 100 cc. of 35.6% 
isopropyl benzene hydroperoxide solution 
m unreached isopropyl benzene were added 
over a period of 10 minutes, acetone being iQU 
removed as. formed through a short 
column. The mixture was boiled for a 
further 5 minutes. 18.22 grams of phenol 
and 8.9 grams of acetone were obtained, 
i.e. yields of 83% and 65.0% respectively. 105 

Example 3. 
In a vessel provided with a stirrer a" 
mixture of 150 cc. of 55% aqueous sul- 
phuric acid and 138 cc. of an oxidation 
mixture containing; 44.5 grams of iso-110 
propyl benzene hydroperoxide in 100 cc. 
2L sait * oration mixture were kept at 
60 for 15 minutes, whereupon continuous 
feeding of the same isopropyl benzene 
hydroperoxide solution was started while 115 
at the same time a corresponding volume 
of oil layer overflowed through a decant- 
ing device which separates and withdraws 
continuously the lighter oil phase from 
the heavier aqueous acid. After the con- 120 
ditiqna became steady, 7S7 cc. of oil, con- 
taining 193 grams of phenol and 115 
grams of acetone were collected over a 
period of 5 hours, while over the same 
period 1 7 re. of the peroxide solution were 125 
fed into the vessel. The yield of phenol 
was thus 91.4% and acetone 88%, based 
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ou the total peroxide fed, whilst 3.(i% of 
the initially fed peroxide was undecoiu- 
posed. From the oil which contained 
14.55% acetone and 24.5% phenol, the 
6 acetone was recovered by distillation after 
diluting the adhering sulphuric acid by 
addition of water. 

Example 4. 
To 100 cc. of a mixture of equal 

10 volumes of ethanol and water and con- 
taining 14.1 ■grams of sulphuric acid 10.1 
grams of isopropyl benzene hydroperoxide 
were added and the homogeneous mixture 
kept at 70°. After 50 minutes 94% of 

15 the initial percompound had reacted. At 
this time 5.75 grams of phenol were 
obtained from the solution which corre- 
sponds to a yield of 92% based on the 
initially added peroxide, or 93% based 

20 on the peroxide decomposed. 

E xamp le 5. 
160 cc. of a solution of isopropyl ben- 
zene hydroperoxide in isopropyl benzene 
and containing 20.6 grams of the per- 

26 oxide in 100 cc. of the solution were 
agitated with 160 cc. of 25% aqueous sul- 
phuric acid at 70° in a water bath. The 
decomposition o£ the peroxide was prac- 
tically complete after 3 hours and 

80 amounted to 96.3%. The yield of phenol 
resulting from the decomposition and 
based on the peroxide decomposed was 
83.7% and that of acetone was 76.3%. 

Example 6. 
86 10 grams of secondary butyl benzene 
hydroperoxide were mixed with 50 cc. of 
aqueous sulphuric acid of 25% strength 
and heated for two hours at 65 e C. 

The reaction mixture was extracted 
40 with ether and the extract distilled. 
Fraction 1 70 — 80° 1 gram 
Fraction 2 80—165° 0.6 „ 
Fraction 3 165—185° 5.8 „ 
Residue ------- 0.3 „ 

45 The greater part of Fraction 3 proved 
to be phenol, thus showing that the yield 
was almost tlieoretical. 

Having now particularly , described and 
ascertained the nature of our said inven- 
60 tion, and in what manner the same is to 
be performed, we declare that what we 
claim is : — • 

1. Process for the decomposition of 
alkyl benzene hydroperoxides in which the 
66 peroxide group is linked to an aliphatic 
tertiary carbon atom attached to tKe ben- 
zene ring and "the alkyl groups do not 
contain more than 5 carbon atoms, is 
effected and phenol and ketones are pro- 
60 duced by reacting said peroxides at 
elevated temperatures with aqueous sul- 
phuric acid of strength substantially 



more than 10% but not exceeding 70% 
weight /volume. 

27 Process according to claim 1. wherein 65 
the temperature does not exceed 80° C. 
and is preferably between 40 and 80° C. 

3. Process according to claim 1 or 2, 
wherein the acid strength is between 25 
and 60%. m m 70 

4. Process according to claim 1, 2 or 3, 
wherein the peroxides dissolved in a 
water-immiscible inert solvent are brought 
into contact with the acid. 

5. Process according to claim 4, wherein 76 
the volume ratio of the aqueous acid phase 

to the oil phase in the reactor is greater 
than one. 

6. Process according to claims 4 or 5, 
wherein a solvent for all the components 80 
of the reaction mixture is added thereto. 

7. Process according to claim 6, wherein 
the amount of the added solvent for all 
the components is such that the reaction 
mixture is homogeneous. 85 

S. Continuous process according to any 
of claims 4, 5 or 6 which comprises 
separating from the aqueous acid phase 
the oil phase partly or completely after the 
desired extent of decomposition has been 90 
achieved therein, recovering from the 
separated amount of the oil phase the 
phenol and ketone contained therein and 
adding fresh peroxide solution to the 
remaining part of the reaction mixture 95 
without removing therefrom the ketone 
dissolved therein. 

9. Process according to any of the pre- 
ceding claims, wherein the peroxide is 
isopropvl benzene hydroperoxide. 100 

10. Process according to claim 9, 
wherein the isopropylbenzene hydroper- 
oxide is dissolved in isopropyl benzene. 

11. Process according to claim 10, 
wherein the solution of isopropyl benzene 105 
hydroperoxide in isopropylbenzene is the 
reaction mixture resulting from the oxida- 
tion of isopropylbenzene with molecular 
oxygen-containmg gases at elevated tem- 
peratures in the absence of oxidation cata- 110 
lysts other than peroxides. 

12. Process according to any of the pre- 
ceding claims, wherein the reaction is 
carried out in the presence of added 
ketone. 115 

13. Process according to claim 12, 
wherein acetone is added to the reaction 
mixture. m J 

14. Process according to claim 12, 
wherein methyl ethyl ketone is added to 120 
the reaction mixture. 

15. Process according to any of the 
preceding claims 1 to 8, wherein the per- 
oxide is secondary butyl benzene hydro- 
peroxide. 126 

16. Process substantially as described 
in any of the examples 1 to 6. 

BAD ORIGINAL 
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17. Phenol and ketones when produced Dated this 17th day of August, 1948. 
by a process as claimed in any of the N. F. BAKER, 

claims 1 to 16. . Agent for the Applicants. 
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